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Recent	
  Broadband	
  VAP	
  updates:	
  

•  Created	
  scripts	
  to	
  simplify	
  and	
  make	
  the	
  annual	
  
processing	
  of	
  QCRAD	
  c2	
  level	
  data	
  more	
  robust	
  
–  In	
  addiIon	
  to	
  automated	
  quality	
  checks	
  QCRAD	
  
applies	
  IR	
  loss	
  correcIon	
  to	
  PSP	
  global	
  measurements.	
  

–  c2	
  level	
  applies	
  instrument	
  specific	
  IR	
  loss	
  correcIon	
  
based	
  on	
  the	
  serial	
  number	
  in	
  the	
  SIRS/SKYRAD	
  files	
  
which	
  is	
  automaIcally	
  	
  

–  Thanks	
  to	
  AnneOe,	
  Yan,	
  instrument	
  mentors	
  for	
  
tesIng	
  and	
  updaIng	
  procedure	
  to	
  	
  



Recent	
  Broadband	
  VAP	
  updates:	
  

•  Implemented	
  
Chuck	
  Long’s	
  
RadiaIve	
  Flux	
  
Analysis	
  as	
  an	
  
operaIonal	
  VAP	
  
– Data	
  processed	
  
at	
  all	
  sites	
  
including	
  
extended	
  
faciliIes	
  and	
  
archived	
  



Current	
  and	
  Future	
  Broadband	
  VAP	
  efforts:	
  

•  UpdaIng	
  Surface	
  
Cloud	
  Grid	
  for	
  new	
  
radiaIve	
  flux	
  
analysis	
  variables	
  
and	
  extended	
  
facility	
  site	
  
arrangement	
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Figure 2.  Fractional sky cover. 
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Current	
  and	
  Future	
  Broadband	
  VAP	
  efforts:	
  

•  Need	
  to	
  calculate	
  broadband	
  from	
  MFRSR	
  spectral	
  
irradiance	
  measurements	
  for	
  upcoming	
  
replacement	
  of	
  open	
  channel	
  with	
  1625	
  nm	
  
channel	
  

Author's personal copy

A widely used commercial instrument for measuring all
three solar components is the silicon-cell-based Rotating
Shadowband Radiometer (RSR, www.irradiance.com). As
explained earlier, the unfiltered silicon diode channel in the
MFRSR is similar to, but not the same as the silicon diode
pyranometer used in this instrument, specifically, the
MFRSR’s open-channel is temperature stabilized, responds
to the additional wavelengths between 300 and 400 nm, and
the solar components are corrected for cosine response.
However, the instruments are similar enough that the proce-
dures outlined in this paper should be useful in improving the
measured irradiance components of this popular, multi-
component radiometer. A noteworthy finding was that a sin-
gle calibration constant for the open-channel should not be
used for both total and direct irradiance. We found that
the direct normal irradiance calibration constant is generally
2–3% lower than that for total horizontal irradiance.

In the procedure described in this paper each compo-
nent’s calibration is determined from side-by-side compar-
isons with first-class thermopile instrumentation. It is
useful to monitor the calibration stability of the MFRSR
in the field between calibrations. Michalsky et al. (2001)
and Augustine et al. (2008) describe in situ Langley calibra-
tion procedures for MFRSR measurements for aerosol
optical depth applications. These calibrations are, in fact,
extrapolations of the responses of the instrument to the
top of the atmosphere (TOA), at least for the five filters
centered near 415, 500, 615, 673, and 870 nm; typical
uncertainties of these TOA responses are between 1 and
2%; this is not to say we obtain a 1–2% irradiance calibra-
tions, which would have to include the added uncertainty
in the extraterrestrial irradiance. If the filters used for the
approximation of the broadband solar components
included only these five filters, then the Langley calibra-
tions could be used to track the stability of the instrument
in the field.

The two channels that cannot be calibrated with the tra-
ditional Langley method are the open-channel and the 940-
nm channel. It is evident from the top ten optimal combi-
nations of channels for approximating broadband compo-
nents listed in Table 3 that either the open-channel or the

940-nm channel, both of which include bands of water–
vapor, is needed to explain the variance for most of the
regressions for the total horizontal or direct normal irradi-
ance approximations. Since all channels share the same dif-
fuser, a logical assumption is that changes in diffuser
transmission in the 415–870 nm channels can also be
assumed for the 940-nm and open-channel. However,
transmission changes in the 940-nm filter apart from the
diffuser transmission changes would not be detected in this
way. Michalsky et al. (1995) used a technique called the
modified Langley method, first suggested by Reagan
et al. (1987), to calibrate the 940-nm filter of an MFRSR.
However, this method may not be feasible for most sites.
For example, in north-central Oklahoma it took 14 months
(Michalsky et al., 1995) to acquire enough modified-Lang-
ley plots to calculate the extraterrestrial response with 1%
(1r) uncertainty. In comparison, a filter channel without
water can be calibrated to this accuracy with as little as
2 weeks of clear-sky data. The problem is that column
water–vapor is highly unstable, even on clear days; there-
fore, the modified-Langley technique is of limited useful-
ness for tracking 940-nm stability. Lamp calibrations that
simply measure the initial response and subsequent stabil-
ity of this response would be a better proposition. Of
course, if the MFRSR, which is used primarily for aerosol
optical depth measurements, is located near a thermopile
measurement set, as in the ARM program, then calibra-
tions can be performed quasi-continuously as in this paper
and the MFRSR used as a backup for the primary broad-
band solar measurements.
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Table 3
The ten best fits in terms of lowest standard deviations (r in W/m2) for two- and three-filter fits for each solar irradiance component; the exception is that
the first 15 entries in the direct 3-channel fits involve the open-channel plus two-filters.1

Total (3 ks) r Total (2 ks) r Direct (3 ks) r Direct (2 ks) r Diffuse (3 ks) r Diffuse (2 ks) r

Open/673/940 2.22 673/940 2.45 Open/673/940 8.81 Open/615 9.08 415/673/940 1.02 415/615 1.04
415/673/940 2.37 Open/870 2.95 Open/615/940 8.99 Open/500 9.18 Open/415/615 1.03 415/673 1.06
615/673/940 2.41 Open/673 3.15 Open/500/870 9.02 Open/940 9.40 415/500/615 1.03 Open/415 1.29
500/673/940 2.42 615/940 3.56 Open/415/500 9.03 Open/415 9.43 415/615/673 1.03 Open/500 1.36
673/870/940 2.42 Open/615 3.70 Open/500/673 9.06 Open/870 9.48 Open/415/940 1.04 500/940 1.38
Open/870/940 2.43 Open/415 4.03 Open/415/615 9.08 Open/673 9.94 415/500/673 1.04 500/870 1.41
615/870/940 2.43 870/940 4.23 Open + 9 more

two-filter
combinations1

9.08. . .9.43 500/870 14.67 415/615/870 1.04 415/500 1.53

415/870/940 2.53 Open/940 4.27 500/870/940 10.41 673/940 15.42 415/615/940 1.04 500/615 1.55
Open/500/615 2.57 Open/500 4.29 615/870/940 11.08 415/870 16.61 415/673/870 1.04 500/673 1.55
500/870/940 2.61 500/940 5.32 673/870/940 12.64 615/870 18.38 Open/415/673 1.05 415/870 1.58
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